Introduction
============

More than 86 million Americans have prediabetes ([@R1],[@R2]), or blood glucose levels that place them at high risk for developing diabetes. Each year approximately 5% to 10% of people with prediabetes will develop type 2 diabetes ([@R3]). Moreover, prediabetes (compared with normoglycemia) is associated with an increased risk for cardiovascular disease and all-cause mortality ([@R3],[@R4]). However, most people with prediabetes are unaware they have it. Nationally, only about 1 in 10 people are aware they have prediabetes compared with 1 in 20 in North Carolina, where 512,000 are estimated to have diagnosed prediabetes ([@R5]).

The Diabetes Prevention Program (DPP) has shown that healthy eating and moderate physical activity are effective ways of delaying and preventing type 2 diabetes in people with impaired glucose tolerance. People at risk reduced their incidence of diabetes by 58% over 3 years ([@R6]). The DPP also saved money and reduced hospital admissions in a nonclinical setting ([@R7]). Despite evidence of the DPP's effectiveness, this program is not yet widespread, and several barriers exist to establishing and maintaining it. The DPP's high programmatic costs and frequency of ongoing face-to-face visits have made it challenging to implement routinely in reality ([@R8]).

As of October 2016, there were 1,074 recognized DPP providers under the Centers for Disease Control and Prevention's (CDC's) Diabetes Prevention Recognition Program in the United States and 40 in North Carolina ([@R9]). Expanding DPP is one of the most promising options for reducing the prevalence of diabetes. Currently, most DPPs are offered at no charge. For example, although the YMCA program costs \$360 per person ([@R10]) for the duration of the core program (amounting to 16 sessions) (Appendix Table A.1), the pilot is offered at no charge. The capacity to offer free programs is limited. Further expansion of DPP will require new sources of funding. Understanding a person's willingness to pay (WTP) is important if funding models that include member contributions are to be considered as a possible solution to the lack of prevention programs available and their potential long-term sustainability. WTP for a specified health improvement represents the maximum amount of money an individual would pay for the health improvement and still consider herself better off ([@R11]).

To scale up the implementation of DPPs, it is important to understand community member's WTP for these services and the costs of getting organizations to adopt DPPs. Three alternate DPP models are 1) delivered by registered professionals (traditional model), 2) delivered by community health workers (CHWs), or 3) administered online. The traditional model employs dietitians, health educators, or fitness coaches as class leaders. The CHW model employs individuals who are not registered professionals and usually work in community settings, serving as connectors between the community and health care providers. CHWs know the community culture and can relate to people better than health care professionals who may not be as locally engaged. CHWs are also less expensive than registered professionals. Online programs are an alternative to traditional models and allow people to proceed at their own pace, communicate using social media platforms, and use technology to track progress.

The purpose of this study was to measure the equilibrium WTP for alternative delivery methods and to illustrate a framework stakeholders can use to analyze the potential benefits of policies, such as subsidies, that could increase uptake.

Methods
=======

The study involved 2 cross-sectional surveys of potential recipients' WTP for DPP and potential providers' costs of delivering the program ([@R12]--[@R18]). Participants included both potential recipients and providers of DPP. Potential recipients included North Carolina adults diagnosed with prediabetes (self-reported) or identified as being at risk for prediabetes (with a score of at least 9 points on the 7-item CDC Prediabetes Screening Test) ([@R19]). A convenience sample was recruited from respondents of a previous study ([@R20]) who indicated that they would like to be contacted for future research opportunities and participant referrals of potentially eligible family members and friends. Potential providers consisted of leaders at all local health departments and community health centers in North Carolina. Providers were eligible if they were in positions of leadership in which they made decisions about prediabetes treatment services in their health agency. All study participants provided written or oral informed consent. The University of North Carolina institutional review board approved the study, and the data collection period was from April to December 2015.

Data collection
---------------

**Consumer survey:** Trained staff administered the Consumer DPP Demand Survey by telephone to eligible adults in 16 North Carolina counties. The questionnaire consisted of 23 items covering the following categories: 1) prediabetes diagnosis and participation in weight loss programs, 2) demand or willingness to pay for DPP delivered in 3 different models, 3) preference for DPP delivery mode, 4) beliefs about DPP's potential for delaying diabetes, and 5) demographic characteristics. To assess WTP, respondents were asked "Are you willing to pay \[dollar amount\] for the delivery mechanism described?" (Appendix Table A.2). Respondents who answered yes were asked about their willingness to pay for a higher amount. Respondents who answered no were offered a lower price. In our setup, respondents answered a maximum of 5 questions, for bids (in dollars) ranging from \$5 to \$120 per month. To minimize bias associated with the order in which respondents were asked about their WTP for the different DPP delivery models, the program sequence was randomly selected for each participant. Respondents received a \$20 incentive (Wal-Mart or Target gift card) for completing the survey.

**Provider survey:** The provider survey was administered online using Qualtrics (Qualtrics). Surveys were sent to a list of 85 local health departments and 37 community health center leaders. The provider survey included items about 1) the respondent's role, the organization, and prediabetes treatment services; 2) factors that would significantly influence respondents' decision-making about providing DPP services; and 3) minimum price per person per month (equivalent to 4 encounters) at which they would be able to provide DPP if it was led by a registered professional (eg, dietitian, health educator, fitness coach), led by a CHW, or delivered online. To validate these answers, we also asked respondents whether they would be willing to provide DPP at varying levels of reimbursement and how many people they would enroll at these levels. Respondents received a \$30 Amazon e-gift card for completing the survey.

Analysis
--------

**Demand valuation:** To elicit WTP using contingent valuation, we used Hanneman et al's ([@R21]) double-bounded model maximum likelihood estimation to estimate the WTP parameters ([@R22]). Data were analyzed using Stata version 14 (StataCorp LP).

We also described how responsive (ie, elastic) the quantity demanded was to a change in price on the basis of different characteristics. We refer to this as elasticity of demand. Using the information on the minimum self-reported reimbursement rate at which potential providers would be prepared to serve their communities, we estimated the marginal costs of supplying the programs. By combining WTP estimates with marginal cost estimates of providing services, we determined the cost shares of these delivery models. Comparing uptake under different delivery models provided a measure of the extent to which outreach could be improved through CHW or online delivery (compared with traditional delivery). Elasticity of demand (E~d~) usually yields a negative value because of the inverse relationship between price and quantity demanded. To avoid confusion, we present values in absolute terms. Three demand scenarios were possible:

*1)* *inelastic*: the percentage change in program participation is less than the percentage change in price (E~d~ \< \|−1\|);

*2)* *unitarily elastic*: the percentage change in participation is equal to the percentage change in price (E~d~ =\|−1\|); and

*3)* *elastic*: the percentage change in participation is greater than the percentage change in price (E~d~ \>\|−1\|).

**Supply valuation:**To estimate potential DPP providers' supply curves (ie, marginal cost curves), we assumed constant marginal costs up to capacity. This assumption allowed respondents to ignore distinctions between fixed costs (costs incurred irrespective of the number of respondents) and variable costs (costs that change with the number of respondents enrolled). We thus assumed that the cost of providing the program does not increase with the number of people enrolled; for example, hiring a class leader or building an online program will cost the same irrespective of the class size. Once the provider reaches capacity, supply becomes perfectly inelastic; no matter what the reimbursement is, because of capacity constraints (eg, providers' size, geography, outreach), the same number of people would be enrolled. This gives rise to a reverse-L shape with a horizontal segment (perfectly elastic supply) connected to a vertical segment (perfectly inelastic supply) at a sharp corner. Aggregating the respondents' reverse--L supply functions gives us a representative upward sloping supply function for the state ([@R23]). For this aggregation to be representative, we assumed that each provider serves a fraction of the market. We believe this is a true approximation, because each provider in our sample serves a different county, and that distance to facilities acts as a barrier to enrollment.

Cost sharing
------------

Demand and supply curves are piece-wise linear by construction. The linearity around the support points allowed us to locate the intersection of demand and supply. The intersection determines prices and the fraction of the eligible population that would enroll in each program.

Results
=======

Demand questionnaire
--------------------

We contacted 214 potential participants; 32 did not meet the eligibility criteria, and 17 declined to participate. Of the 165 eligible participants contacted, 99 people completed the questionnaire (response rate = 60%). Respondents were predominantly female (74%), African American (60%), older than age 45 (78%), and of low and middle income, as measured by their employment status and education level ([Table 1](#T1){ref-type="table"}). Most (84%) respondents reported owning a computer. Approximately half of all respondents lived in Raleigh, Durham, or Kingston. Nearly 70% of respondents said there were not enough affordable weight loss programs in their community, while 91% reported living less than 20 minutes (driving time) from a gymnasium, community health center, or local health department. All respondents reported living within a 45-minute drive from one of these facilities. Lack of time, their health or that of others (caregivers), financial constraints, scheduling, and lack of motivation were the major barriers to participation in DPP. Among female respondents younger than 45, absence of child care was the major barrier (6 of 20) cited. When asked about their preferred lead for the program, most respondents selected dietitians (52%), followed by fitness coaches (23%), health educators (13%), and CHWs (11%).

###### Characteristics of Demand Survey Participants (n = 99) and Provider Survey Participants (n = 29), Study of Supply and Demand for Diabetes Prevention Programs in North Carolina, 2015

  Characteristic                                         Value
  ------------------------------------------------------ ---------
  **Demand Survey Participants, %**                      
  **Female sex**                                         74
  **Age, y**                                             
  \<45                                                   22
  45--54                                                 20
  55--64                                                 32
  ≥65                                                    26
  **Race/ethnicity**                                     
  White                                                  36
  African American                                       60
  Hispanic                                               1
  Other (Asian or Native American)                       3
  **Participated in a structured weight loss program**   39
  **Participated in a Diabetes Prevention Program**      6
  **Education**                                          
  Some high school                                       4
  High school diploma                                    21
  Some college (13--15 years of school)                  32
  College degree (16 years of school)                    36
  Postgraduate (≥17 years of school)                     6
  **Has health insurance**                               86
  **Owns a computer**                                    84
  **Employment status**                                  
  Employed full-time                                     47
  Employed part-time                                     7
  Unemployed and seeking work                            5
  Retired                                                27
  Not seeking work at the present time                   13
  **Provider Survey Participants, No. (%)**              
  **Community health center representatives**            2 (7)
  **Local health department representatives**            27 (93)
  **Leadership roles**                                   
  Health director                                        19 (65)
  Health educator                                        5 (17)
  Other[a](#T1FN1){ref-type="table-fn"}                  5 (17)

Other roles include assistant director, administrator, nurse supervisor, physician assistant, and public health officer.

[**Figure 1**](#F1){ref-type="fig"} shows the percentage of respondents willing to enroll in each program type at various prices per month. The unadjusted mean WTP per month was \$39 (95% confidence interval \[CI\], \$33--\$44) if the DPP was led by a registered professional, \$31 (95% CI, \$26--\$36) if led by a CHW, and \$19 (95% CI, \$15--\$23) if administered online ([Table 2](#T2){ref-type="table"}). Across the 3 delivery mechanisms, people who had already participated in a structured weight loss program had a higher WTP than people who had not.
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###### Demand, Supply, and Subsidy Estimates, Study of Supply and Demand for Diabetes Prevention Programs in North Carolina, 2015[a](#T2FN1){ref-type="table-fn"}

  Characteristic                                                                                                         Delivery Method                           
  ---------------------------------------------------------------------------------------------------------------------- -------------------- -------------------- --------------------
  **Average estimated willingness to pay**                                                                                                                         
  WTP, \$ (95% CI)                                                                                                       39 (33--44)          31 (26--36)          19 (15--23)
  **Minimum price per person per month at which local health departments or community health centers would offer DPP**                                             
  Average price, \$ (SD \[min--max\])                                                                                    79 (85 \[9--400\])   49 (44 \[8--200\])   57 (75 \[8--400\])
  **Cost sharing per month, assuming a \$15 subsidy per person per month**                                                                                         
  Fraction of enrollees, %                                                                                               52                   50                   33
  Equilibrium price, \$                                                                                                  44                   31                   17
  Market coverage % with subsidy                                                                                         57                   55                   46
  Price to the user, \$                                                                                                  37                   25                   10
  Price to the provider, \$                                                                                              52                   40                   25
  Cost of subsidy, \$                                                                                                    4,377,600            4,224,000            3,532,800

Abbreviations: CHW, community health worker; CI, confidence interval; DPP, diabetes prevention program; SD, standard deviation.

Prices are per person, per month. Twenty-seven providers answered questions across all delivery methods; we did not include answers = 0.

We also looked at WTP and demand elasticity for different sets of individual characteristics to see how responsive demand is to price ([Table 3](#T3){ref-type="table"}). For example, respondents who were unemployed and those who had lower levels of education (ie, did not finish high school) had a higher elasticity of demand than those who were employed and had at least a high school diploma --- meaning that an increase in price would reduce their participation more than proportionately. Across all delivery methods presented, the older the respondent, the higher the elasticity of demand in absolute terms. We found that WTP was always lower across all respondent characteristics for the online program compared with face-to-face programs having traditional leaders and CHWs. The elasticity of demand for the online program was always consistently greater than 1, regardless of the respondents' characteristics.

###### Willingness to Pay and Elasticity of Demand, by Delivery Method and Responders' Characteristics, Study of Supply and Demand for Diabetes Prevention Programs in North Carolina, 2015

  Characteristic                                                             Traditional      CHW    Online                                  
  -------------------------------------------------------------------------- ---------------- ------ ---------------- ------ --------------- -------
  **Sex**                                                                                                                                    
  Male                                                                       38 (27 to 49)    0.59   32 (23 to 42)    0.94   14 (7 to 21)    13.08
  Female                                                                     39 (32 to 46)    0.50   30 (25 to 36)    1.17   21 (17 to 25)   4.46
  **Age, y**                                                                                                                                 
  \<45                                                                       51 (39 to 63)    0.12   38 (28 to 48)    0.55   20 (13 to 28)   4.6
  45--54                                                                     44 (32 to 56)    0.33   38 (28 to 49)    0.51   27 (19 to 34)   1.93
  55--64                                                                     34 (24 to 43)    0.80   27 (19 to 35)    1.48   16 (10 to 22)   8.64
  ≥65                                                                        30 (19 to 41)    0.98   22 (12 to 31)    1.94   13 (7 to 20)    15.48
  **Race/ethnicity**                                                                                                                         
  White                                                                      29 (20 to 38)    1.02   18 (10 to 25)    2.45   14 (8 to 19)    15.23
  African American                                                           44 (37 to 51)    0.33   38 (32 to 43)    0.58   23 (18 to 27)   3.38
  **Participated in a structured weight loss program or DPP**                                                                                
  Yes                                                                        40 (31 to 49)    0.51   30 (22 to 38)    1.22   21 (15 to 26)   4.48
  No                                                                         38 (31 to 45)    0.54   31 (25 to 38)    1.04   18 (13 to 23)   6.66
  **Employment status**                                                                                                                      
  Employed (full-time or part-time)                                          49 (42 to 56)    0.05   39 (33 to 46)    0.40   24 (20 to 29)   2.71
  Unemployed or retired                                                      27 (19 to 35)    1.13   20 (14 to 27)    2.15   13 (8 to 18)    17.86
  **Education**                                                                                                                              
  Some high school                                                           12 (−15 to 38)   1.91   12 (−12 to 36)   3.17   9 (−8 to 27)    82.5
  High school diploma                                                        35 (23 to 47)    0.74   36 (26 to 47)    0.68   21 (13 to 28)   4.54
  Some college (13--15 y)                                                    33 (24 to 43)    0.71   30 (21 to 38)    1.19   18 (12 to 24)   6.49
  College degree (16 y)                                                      48 (39 to 57)    0.13   30 (22 to 38)    1.16   21 (15 to 27)   4.21
  Postgraduate (≥17 y)                                                       42 (20 to 64)    0.42   33 (13 to 52)    0.97   13 (−1 to 27)   18.13
  **There are not enough affordable weight loss programs in my community**                                                                   
  Agree                                                                      41 (34 to 48)    0.46   31 (25 to 37)    1.14   21 (16 to 25)   4.48
  Disagree                                                                   34 (24 to 44)    0.65   31 (22 to 39)    1.10   17 (10 to 23)   7.95

Abbreviations: CHW, community health worker; CI, confidence interval; DPP, diabetes prevention program; E~d~, elasticity of demand; WTP, willingness to pay.

E~d~ measured at price per month = 50. E~d~ presented in absolute values. E~d~ \>1 demand is elastic; E~d~ \<1 demand is inelastic.

Provider questionnaire
----------------------

Each of the 122 local health department and community health center leaders was sent an invitation to complete the survey. Twenty-nine responded; most respondents represented local health departments (27 of 29), and most of these were health directors ([Table 1](#T1){ref-type="table"}). Respondents represented 27 of the 100 counties in North Carolina.

All respondents rated diabetes as important or very important on their list of health concerns, but less than 60% (17 of 29) had offered CDC's National Diabetes Prevention Program, an adaptation of the DPP, or some other type of weight-loss program. Of those who had offered DPPs, 2 responding organizations did so as recently as 2015 ([Appendix](#app1){ref-type="app"}).

Among organizations that offered DPP or other weight-loss programs, an average of 1 or 2 staff members had been hired to lead those programs, and up to 250 people enrolled per session. We asked respondents about the minimum price per person per month (equivalent to 4 encounters) at which they would be able to provide the service if the DPP was led by a registered professional, led by a CHW, or delivered online ([Table 2](#T2){ref-type="table"}). None of the organizations had ever hired a CHW. The reported cost of the professionals hired ranged from \$15 per hour for a fitness coach to \$38 per hour for a pharmacist, with all other class leaders (health educator, dietitian, and nurse) falling in between. Only 1 local health department reported hosting an online weight-loss program but was unable to provide a breakdown of program costs. To generate a supply schedule for each delivery method, we rank-ordered the respondents' answers and computed the fraction of providers who would have delivered the program to the community at the different levels of self-reported prices. [Figure 2](#F2){ref-type="fig"} shows the 3 hypothetical supply schedules. As expected, higher perceived wages for professional leads translated into a smaller fraction of providers willing to supply at each reimbursement level compared with CHWs. The hypothetical supply function for CHW-led and online programs roughly overlap. In [Figure 2](#F2){ref-type="fig"}, we truncated prices to \$120 to maintain the same axes as the demand function. However, a small fraction of responders would not provide any services at that level of reimbursement. [Table 2](#T2){ref-type="table"} illustrates the highest minimum prices reported (\$400 for traditional and online and \$200 for a CHW).
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Cost sharing
------------

By combining WTP estimates with the self-reported cost of providing DPP, we found that classes led by CHWs and registered professionals were the most likely to serve the biggest share of the population (50% and 52%, respectively), whereas online programs were the least likely (33%).

We considered the impact of an arbitrary but reasonable \$15 monthly government subsidy ([Table 2](#T2){ref-type="table"}). The subsidy artificially shifts the consumer's demand upward and rightward, creating greater demand for the program. Taking the estimated supply curves as given and assuming the same subsidy would be provided to all respondents, instead of paying \$44 for the traditional program, \$31 for the CHW-led program, and \$17 for the online program, respondents would pay out of pocket \$37, \$25, and \$10, respectively, and providers would receive \$52, \$40, and \$25, respectively. Beneficiaries would be better off, because more people would be able to participate while providers would be able to offer the program to more people and receive a higher price in return. A \$15 per-respondent subsidy in a state like North Carolina, with 512,000 individuals with prediabetes, would serve 46% to 57% of eligible respondents and cost \$3.5 to \$4.3 million.

Discussion
==========

Contingent valuation has become widespread in the evaluation of health interventions ([@R8]--[@R14]). We provided separate measures of average WTP and price elasticity of demand by delivery model and respondent type, and we estimated the cost of providing the DPP under different delivery models. We also estimated possible DPP uptake in the presence of a government subsidy. Elasticities play an important role in determining how the subsidy is shared among beneficiaries and providers. The more elastic the supply curve (CHW and online supply vs professional-led mode of delivery), the lower the subsidy received by the provider and the greater the transfer to the user. In contrast, the greater the elasticity of demand, the lower the subsidy transfer to the beneficiary. Online programs and CHWs, as well as subsidies, may therefore help scale up DPPs.

This study has limitations. First, the sample sizes in the demand and provider questionnaires were small. We therefore did not randomize the order in which payment amounts were presented to responders; for each, we started with the median price (\$50). However, if the starting value in the question is well above the respondent's true WTP, the respondent will increase the stated WTP amount. The framing effect resulted in a kink at that price. The sequence in which each delivery model was presented to respondents, however, varied randomly to avoid order effects across programs. Our small convenience sample consisted of predominantly medium- and low-income African American women in their 50s, which may have consequences for external validity. For example, a study in a sample of mostly white veterans found higher adherence and satisfaction for the online delivery model compared with the in-person sessions ([@R24]).

Second, general concerns about the validity of contingent valuation as a way of eliciting WTP ([@R25],[@R26]) could be that respondents may give higher values in a hypothetical situation than what they would pay in a real situation or may give different WTP amounts, depending on the payment method announced (eg, up front, monthly). Furthermore, respondents may purposefully provide a false answer to influence a particular outcome. For example, they may strategically say that they wish to pay zero in the hopes that the program will be offered at no charge. We included the following question in the questionnaire to single out protestors: "Suppose that the program is free, would you enroll?" However, no respondents answered no.

More work is needed to capture more information on respondent types. In the future, salient demographic characteristics should be accounted for to evaluate the effect of incentives such as monetary incentives, child care, and transportation transfers geared to increase uptake in particular subgroups. Despite these limitations, our results were not statistically different from those of Johnson et al ([@R27]) (WTP of \$42 per month) or those of Jerome et al ([@R28]) (WTP of \$45 per month).

The success of the DPP depends on the population's willingness to enroll and complete the program. The policy interventions that could be implemented should be geared at shifting such demand function outward. The ideal subsidy should be set at the breakeven point, where savings from the program (eg, possible reduction in health care use) offset program costs.
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